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1. INTRODUCTION
The trend in coal usage has been toward large consumers with
smaller energy consumers relying on other more easily transported
fuels. By far, the largest users of United States coal are the
electric utility companies which, in 1970 alone, accounted for nearly
60 percent of the total demand [la].* Other promising future large
lot consumers may be coal gasification and liquefaction facilities.
Coal is more suited to large consumers because of its relatively
low mine mouth cost but high transportation cost. The transportation
costs can be lowered significantly by dealing in large shipments.
Currently, the most common method of moving coal is by rail, account-
ing for 67 percent, or 376 million tons, of the coal mined in 1969 [lb].
Other less significant modes include truck, barge, and slurry pipeline.
While truck transportation can be economical for very short hauls,
barge movement can serve only those consumers located on large rivers,
lakes, or sea coasts. Slurry pipeline, although in use in several
scattered locations throughout the United States, has not had the impact
expected on coal transportation. It handles only a minor portion of coal
traffic so far because it can be justified only over long distances due
to large preparation and separation costs. Large consumers have cut con-
ventional rail rates approximately 25 to 40 percent by utilizing unit
trains to supply their needs [lc]. The following is a review of the
operating and economic limits of the unit train. It provides a base
for comparison with slurry and pneumatic pipelines.
Numbers in brackets refer to entries in REFERENCES
The unit train is a single purpose train for hauling one commodity,
coal in this case. It is composed of special purpose cars which haul
continuously from mine to consumer. Its use dates back to 1957 when the
Reserve Mining Company transported iron ore over a 50-mile private sec-
tion of track to a processing plant at Silver Bay, Minnesota [2].
Utilization of the unit train for coal actually became prominent in the
mid 1960*s. Due to different definitions of the term unit train, it
is difficult to say exactly what percentage of rail coal moves by this
method; however, estimates vary from one-third to one-half of the total
rail traffic in coal [Id]. Unless some other method shows promise, or
unless consumer needs change, it is apparent that unit trains will be-
come more and more in demand for hauling high volume coal shipments.
Unit coal trains really became refined in the late 1960's and have
since improved even further. From the very beginning, its successful
initiation has almost always depended on close cooperation between the
mining company, the railroad, and the electric utility company. Typically,
long term contracts (ten years or more) are made so that large capital
investments for equipment can be justified, including the unit train it-
self ^ind coal handling at both ends of the haul. Early operations were
typified by railroad owned coal cars and locomotives, primarily because
they already owned the equipment. When freight cars specifically suited
to coal hauling and larger locomotives becane the rule rather than the
exception, it became prcferrable for the utility companies to own their
own trains as part of their investment facilities and for protection from
arbitrary dispatching; all train crews and most maintenance were provided
by the railroad, however, Traditionally, the mining companies arc more
hesitant to assume unit train ownership, probably because they have less
to gain from it than either the utility companies or the railroads. How-
ever, the associated contracts do provide a guaranteed outlet for the
mine's coal and unit trains often lower the delivered cost of coal
enough to encourage increased coal usage. For railroads, unit trains
provide better equipment and plant utilization compared to other rail
modes. For the coal burning utility companies, they lower fuel expendi-
tures and establish a stable fuel supply [lc] . Lowering transport costs
also increases the economically recoverable coal reserves so that mines
may go deeper and increase recovery percentages thus effectively pro-
longing the time before mine closure. Higher recovery percentages are
to the nation's advantage because once the mine is abandoned, often it
was not reopened because reopening cost tends to overshadow the produc-
tivity via higher recovery techniques.
A unit train operation involves much more than merely the loco-
motive and freight cars to haul the coal. Successful operation is de-
pendent upon concentrated usage of equipment so that the train spends
as much time on the road as possible. To provide this condition, high
rate loading and unloading facilities as well as great storage cap-
ability must be installed to supplement the train. Naturally, these im-
proved coal handling facilities increase the delivered price of coal and
must be included in the total economic and technological analysis of
the unit train. Another factor which sometimes may be ignored in fixing
unit train rates is the cost of building and maintaining the railroad.
The trend in recent years has been to spend the absolute minimum on
track maintenance and building new mileage (a result of the declining
financial stability of the railroads and their diversification). It
4may be that upgrading unsatisfactory sections of track or actually
building a new line could become economically feasible because of
increased revenue of railroads through high degree of usage by unit
trains. Some sections of track will allow speeds of only ten miles
per hour [2] thus definitely hampering the efficiency of a unit train
on a tight time schedule and reducing total utilization. Rail and
tie replacements are presently at below average depreciation rates so
that track conditions are declining or, at best, staying the same.
A new effort must be made to develop either labor saving methods of
track construction and maintenance or a totally new concept of track
design.
In reviewing the operating and economic limits of the unit train,
it becomes apparent that the railroads may have set rates without ex-
actly relating to the underlying cost figures. In a 1963 report to
the Secretary of Commerce, Science and Technology in the Railroad In-
dustry [3], this was expressed as follows:
"Pricing must depend upon knowledge of cost and components
of cost. Until sufficient cost data are available, rates
quoted by the railroads cannot accomplish their purpose
of effective competition at a profitable price. The rail-
roads have never instituted cost-finding procedures as a
reference for pricing services. Although several different
sets of books have been kept traditionally to meet the separate
requirements of the ICC, the IRS, the various state reporting
criteria and for responsibility accounting, none of the book-
keeping operations offers a basis for costing service."
Though this picture may be overly pessimistic for today's railroads
in genera], it probably comes very close to the situation with respect
to unit train operations . However, such arbitrariness can be reduced
through systematic quantification.
ProbabJy the major catalyst to the formation of unit trains and
the corresponding reduction of bulk railroad rates on these one-
commodity trains was competition from coal slurry pipelines and on
the Bast coast and the reduction of crude oil prices in the 1960's.
Some large coal users had felt an urgent need to reduce transportation
costs and had financed the successful construction of a coal slurry
pipeline in Ohio [4a]. This pipeline posed a severe threat to the
railroads as their largest volume commodity was coal and the slurry
rates were far lower than their singJe car coal shipment rates. In
a 1962 Department of the Interior publication, "Report to the Panel
on Civilian Technology on Coal Slurry Pipelines [5], the impact of
slurry pipelines was predicted as follows:
"Since coal traffic is so important to the earnings of the
railroads, especially in the East, we believe that they can
ill afford to watch even a single new pipeline built without
making every effort to minimize their own costs and adjust
their own services in such a way as to meet the competition
effectively, before the traffic is lost."
After a very short period of thought and re-evaluation of their tech-
niques and profits, the railroads, in cooperation with the electric
utilities and coal mines, instigated the unit train concept. Driven
by the instinct for survival, the railroads undercut the delivered coal
cost of slurry pipelines and put most of them out of business in a few
years. The slurry line in Ohio was shut down and later converted to
moving garbage from Cleveland. Presently, the only highly successful
coal slurry line in the United States is the 273 mile Black Mesa line
in the Southwest. One reason for its selection over unit train trans-
portation was that otherwise a ISO-mile section of track over rough
terrain would have to have been constructed to serve the mine-to-
powerplant route [6]. This project alone casts doubt as to whether
unit train rates can compete with pipelines when no track is originally
present.
2. LOADING AND UNLOADING FACILITIES
Successful initiation of a unit train operation is closely de-
pendent upon the speed at which the coal can be loaded and unloaded.
The more time the coal cars spend actually hauling to and from the
mine and powerplant, the better, Before unit trains, railroad owned
cars were delivered empty to the loading facility and loaded at
leisure; that is, the car loading rate was probably near the mine pro-
duction rate, thus minimizing the necessary storage but at a high
demurrage cost. This technique allowed only very small annual usage
of cars in terms of ton-miles 'moved. Hence, the cost of cars was given
as the reason for a high rate charged by railroads. By increasing the
usage of cars (many times by a factor of ten or more) , the railroads
could cut coal train rates drastically [7] to compete with, for instance,
slurry pipelines. This cut in the delivered price of coal allowed the
mines and power companies to bear the cost of high capacity coal hand-
ling equipment over a period of years.
The first prerequisite for a loading facility to handle the new
unit trains is increased auxiliary track capacity. There are basically
three ways of attaining this capacity: (1) a loop track, (2) a single
siding, or (3) multiple sidings. The loop track is probably the most
popular as it allows the train to remain coupled throughout loading and
during turn around. Its main disadvantages are the large radius for
turning and the space it requires. In many situations this space is
readily available at the mine site. The minimum loop track or multiple
siding lengths run over one mile in length, while single sidings are
twice this length [8a] . Multiple sidings are sometimes used where only
8limited space is available. They are usually so short that the train
must be broken into several sections upon arriving at the loading point.
This increases loading time because of the extra car manipulation re-
quired. Any of these set-ups can also be used by the power companies
for unloading.
In order to meet unit train demands, most mines must develop an
expanded storage system to enable them to handle the rapid loading rates
In 1971 there were only 25 operating mines in the United States that
were larger than 2 million tons per year, and only three of these mines
exceeded 5 million tons per year [9]. If we assume a typical large mine
capacity of 2.5 million tons per year, then, based on a 250-day working
year, mine production amounts to 10,000 tons per working day. This is
a typical tonnage for a single unit train; thus, at least one day's mine
capacity must be stored to load a unit train (assuming negligible load-
ing time). Actually, some mines carry as much as 50,000 tons or more
live storage to meet varied demands [8a] . Many mines are feeding their
entire output to one power plant via unit trains. Maintaining storage
capacity for several unit train loads minimizes the change of holding
up a train due to mechanical failure or worker stoppage in the mine.
Utilities normally maintain a 60-day storage as a hedge against strikes
at the mine or the railroad.
Storage of either washed or raw coal can be maintained in the form
of a ground storage pile or the more recent form of closed cylindrical
silos. Enclosed silos are usually beneficial in avoiding water and air
pollution difficulties associated with open storage [8a]. The sharply
sloped inner walls of the silo provide another advantage, that of almost
100 percent live storage or complete coal recovery. Typically, open
stacks are far from 100 percent live storage without help from bull-
dozers or endloaders. Unless the coal in dead storage is compacted suf-
ficiently, there may be a significant explosion hazard when it remains
for a period of months.
Silos are constructed with relatively small base areas to simplify
reclaim operations. Hence, there can be a savings in the number of coal
feed ports and the number of mechanical coal feeders which supply the
loadout conveyor. Naturally, there is a trade-off when the height of the
silor is increased. Surface-to-volume ratio, as well as construction costs,
increase significantly for an extremely tall silo. Even before these two
factors, there is another more important one: Conveyors loading the silo
must feed into the top of it; extra height requires a longer conveyor.
The maximum possible inclination with a belt type conveyor is about 18
degrees; thus, doubling the silo height necessitates a doubling of con-
veyor length if it is already at an 18-degree inclination [lOaJ . Energy
requirements to raise the coal to the height must also be considered.
Another constraint on the size of coal storage silos is presently avail-
able designs. A special order silo might be feasible but not economical
due to increased engineering costs.
Storage capacity for nine representative mines varied from 367 to
800 percent of the daily unit train capacity in a 1970 Bureau of Mines
study [8a]. The larger figures were associated with open stock piles.
Ground storage piles are usually stacked in one of four shapes:
(1) windrow, (2) kidney, (3) spread, and (4) conical. Each shape re-
quires different equipment. The windrow pile is shaped by a traveling
stacker; kidney shaped piles, by a pivoted and hinged belt boom; the
spread pile, by scrapers, trucks, and bulldozers; and the conical pile,
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by a fixed stacking belt and tube [8a]. Typically, conical piles are
about 100 feet in height and hold about 40,000 tons of coal. Conical
piles much higher than this become impractical because of the higher
percentage of dead storage added. The normal angle of repose of coal
is near 40 degrees. Most operations are set up to recover about one-
third of the pile without using a bulldozer to push the dead storage
into the reclaim ports [10a]. This dead storage must be rotated at
least every six weeks during periods of high moisture and every 10
weeks during the winter months to prevent spontaneous combustion prob-
lems [8b]. Steel stacker-dust tubes are employed to eliminate coal
dust which is instrumental in combustion. Coal fed to the stock pile
enters this steel tube at the top and the dust falls out before the coal
exits through ports in the side of the tube. Another factor that may
contribute to explosions is the release of occluded methane by some
coals. This condition can arise in the reclaim tunnels under stockpiles
where levels of methane have been known to reach 2 percent even with con-
siderable ventilation [10b]. Hence, care must be exercised to avoid
sources of ignition (e.g., electric lights or exposed wiring).
Belt-type conveyors are used both to move the coal from the prepa-
ration plant to storage as well as to move it from storage out to the
track tiple. The size of conveyors running from the preparation plant
or mine is rather small in comparison to the loadout conveyors, generally
from 36 to 48 inches in width with capacities of from 400 to 1,500 tons
per hour (tph) [8c]. Size is determined by mine capacity, hours of
preparation plant operation, and storage capabilities in the preparation
plant. Assuming a 16-hour work day, a 6-day work week, no storage capacity
within the preparation plant, a 2 million ton annual production for unit
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trains, and adequate storage capacity, a 400-tph conveyor belt is ade-
quate. An upper limit based on a very large mine (5 million tons an-
nually), working a relatively short day of 10 hours, and a 5-day work
week requires a conveyor of 1,920 tph capacity; probably the size of
the largest storage conveyor in use.
Loadout conveyors are naturally larger than storage conveyors
because they must load a unit train as quickly as the loading facilities
allow. In the 1970 Bureau of Mines study [8c], loadout conveyor sizes
were either 60 or 72 inches in width and had capacities of 2,500 to 4,000
tph. A capacity of 3,000 tph is equivalent to 50 tons per minute which
is sufficient to load a 100-ton coal car in two minutes or a 10,000-ton
train in three hours and 20 minutes. Many loading rates are higher than
this as evidenced by a 1972 advertisement for the Lively Manufacturing
and Equipment Company. The advertisement mentioned an ultra-modern,
high-speed railroad loading system built for the Decker Coal Company in
Montana with a 5,500-tph loadout capability [11].
Unloading facilities utilize much of the same equipment used in
loading facilities. Provisions for unloading unit train cars are sub-
stituted for car loading provisions. Unloading facilities generally
have much more storage capacity than is normally maintained at the mine
loading site. This is necessary because the electric utilities must
maintain an uninterrupted supply of coal in spite of strikes or other
supply difficulties. There has been a trend toward larger capacity
power plants which must maintain a 2- to 3-month coal supply. An
operation such as Detroit Edison's Monroe Power Plant, which can burn
8 million tons of coal annually, maintains a two-month supply or 1.3
12
million tons of coal storage [12].
I
Coal storage requirements of this size can be economically provided
only by open storage piles. Generally, the storage pile is a flat
"spread pile" type which can be compacted by bulldozers to prevent
spontaneous combustion of the dust. It remains relatively intact with
daily unit train unloadings supplying the plant's daily needs directly.
Usually an intermediate live storage pile is also maintained to smooth
out daily supply fluctuations and provide a steady flow to the steam
generators
.
Unloading time for unit trains is considerably less than the cor-
responding loading time. An extremely high-speed unloading system, fed
by the Black Mesa and Lake Powell Railroad in Arizona, is capable of
unloading a 10,000-ton capacity train in 20 minutes. The 83-car train
moves through a 360-foot long unloading shed where six 4-door bottom
dump cars are unloaded simultaneously [13]. Installations using the
lighter gondola cars and rotary car dumps generally are not as ef-
ficient; however, overall they can be less expensive to operate because
of fast unloading and light empty trains.
13
3. UNIT TRAIN PI:RAT ION
Initially, unit trains were made up from existing equipment. Now,
it has become economical to design and construct locomotives as well
as coal cars specifically for the purpose of hauling high volume ship-
ments. Typically, cargo capacities are based on 100-ton capacity cars
instead of older cars scarcely two-thirds that size. Also, train
size, in terms of length, has increased, putting further demands on
locomotive power. The freight train operation, in general, has begun
to rely on higher horsepower locomotives. Single units of 3,500
to 4,000 horsepower are not uncommon. These units can save the
railroad companies a great deal in maintenance costs as a larger loco-
motive takes a proportionately smaller cost of maintenance per horse-
power than does a smaller unit. When a large locomotive goes to the
shop for repairs or routine maintenance, many operations are the same
regardless of horsepower (especially in the running gear) . Higher
horsepower single units cuts down on the space and often on the weight
per horsepower of the locomotive thereby allowing a larger amount of
cargo to be hauled.
Many railroads are now leaning toward more horsepower per net ton
of cargo thereby allowing higher speeds, especially over lines with
many steep grades. Common railroad grades range up to approximately
3 percent on main lines with a few stretches up to about 4 percent.
There arc some spur tracks, sidings, and secondary tracks with short
sections of grade of up to 5 percent. However, the majority of
significant grades for mainline service run from 0.7 to 5 percent [14].
Approximate power requirements for various speeds (above
40 mph) and grades (below 2 percent) are shown in Pig. 1 (note that, to
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attain a speed of 40 mph up a 1 percent grade, or approximately 20 mph
up a 2 percent grade, requires 2.0 kw/ton gross weight or 2.68 horse-
power per ton gross weight at the rail). Typical efficiency factors
suggested by S. L. Soo include 80 percent electrical efficiency and
90 percent drive efficiency for diesel-electric locomotives, yielding
72 percent overall [16|. W. W. Hay suggests an overall efficiency of
81 to 82 percent [17]. Using a 77 percent total efficiency for cal-
culation purposes, a value of 3.48 hp (engine) /ton gross weight is
obtained. A train of 15,000 ton gross weight would require more than
seventeen 3,000-hp locomotives to satisfy this power/weight require-
ment. This ratio is considerably higher than those presently employed
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A practical comparison with actual power/weight ratios over a
fairly steep grade is worth noting. A recent Canadian Pacific 100-
car unit train running in southwestern Canada crosses the Rocky
Mountains with grades us much as 2.2 percent with eleven 3,000-hp
jocmotives [18]. Among the highest horsepower single lo-
comotive units are those built by MLW-Worthington with 4,000 horse-
power and 398,000 pounds total weight [19]. The power/weight ratio
of these units is just over 20 horsepower per ton of locomotive
weight. Based on this figure, the eleven 3,000-hp units
weigh just over 1,650 tons. If 100 coal cars each hold
105 tons and weigh 25 tons when empty, then total train weight would
be 14,650 tons, neglecting caboose weight. In other words , the net or cargo
weight is 72 percent of the gross train weight. This is an engine
power/train weight ratio of 2.25 horsepower per ton or 3.14 horsepower
per ton cargo, compared to the previously cited value of 3.48 engine
horsepower per ton train weight for a one percent grade at 40 mph . How-
ever, H. L. Limith, Chief Engineer of the Electro-Motive Division of General
Motors Corporation, estimated that a diesel locomotive with 3 horsepower
(engine) per ton cargo can, on a level track, attain speeds of up to
71 mph [4b]. Smith estimated that heavy duty highway trucks require
7 to 8 horsepower per ton of cargo.
Curve resistance and grade resistance can frequently put a horse-
power or speed restriction on a unit train. Rail horsepower
and rail resistance are related by the following formula:
,
resistance fibs) • speed (mph)horsepower = * —s—
-
Using figures from W. W. Hay [20] of 20 lbs per percent of gradient as
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the resistance per ton and 0.8 lb per ton per degree of curve as the
curve resistance, the equivalent curve resistance in terms of grade
can be calculated. This yields a figure of 0.04 percent gradient
equivalent per degree of curvature or 25 degrees of curvature adds the
same resistance as a 1 percent grade.
The gross weight of unit trains continues to rise; this is a re-
sult of two factors. First, the capacities of the coal hopper and
gondola cars are being increased to provide better efficiency. Empty
or lightly loaded trains have higher resistance per ton of weight be-
cause train resistance forces due to mechanical movements and fric-
tion change very little for wide variations in weight per wheel. Also,
air or wind resistances are a much higher proportion of the re-
sistance per unit of weight on empty or lightly loaded trains. At 40
mph, an empty car (30 tons gross weight) has a resistance of 9 lbs/ton
while a loaded car (125 tons gross weight) has a resistance of only
5.2 lbs/ton [14]. Second, unit trains are growing in length with
most in the 100 to 150 car range. The usual length limitations are:
regulations designed to prevent blocking of urban crossings, the size
of auxiliary track at loading and unloading points, as well as draw
bar pulls. Frequently, the last restriction can be avoided by spac-
ing the locomotives throughout the train.
According to J
.
F. Stover [4b], a typical freight train can
produce close to 200 ton-miles of freight movement per gallon of
diesel fuel while the average highway truck reaches only one-third
that efficiency. Unit trains, because of their simplicity of traffic
pattern, can be more efficient than the average of freight trains.
R. A. Rice, Professor of Transportation at Carnegie-Mellon Uni-
versity, states that railroad trains, including
17
passenger trains, have a gross efficiency of SSO ton-miles per gallon
of diesel fuel [21]. Based on the earlier example where cargo weight
was 72 percent of gross weight and assuming the train spends 50 per-
cent of the time on the tracks empty, net ton-mileage per gallon
should be 36 percent of gross ton-mileage per gallon. ObAdously, there
are many factors affecting this percentage which include the following:
grades negotiated, locomotive horsepower/weight ratio, and freight car
tare weight/maximum gross weight ratio. 197] Transportation Statis-
tics [22] show that Class I railroads spent $363 million on freight
diesel fuel and moved 750 billion ton-miles of freight, yielding
0.484<f/ton-mile. The price paid for fuel averaged 10.88<f- per
gallon [23] . Dividing the fuel cost per gallon by fuel cost per ton-
mile yields 225 ton-miles per gallon which is fairly consistent with
Stover's figure.
18
4. RAILROAD SUITABILITY
i
Possibly the one situation that needs the most improvement if
long distance unit coal trains are to fluorish is the condition of rail-
road tracks and roadbeds. At. present, the state of track maintenance
is only fair. The railroads arc failing to uphold present track con-
ditions in most areas. In addition, the railroads are seeking to
abandon many dilapidated and little-used lines (less than 34 cars per
year) to reduce their outlay for track maintenance. Decreasing the
amount of suitable rail mileage can only worsen the railroad position with
respect to other forms of transportation. This condition may not ap-
pear to have an immediate effect on the cost per ton-mile; however,
it may lead to longer distances between supply and consumption points.
One of the disadvantages of existing rail transportation is that rail-
roads cannot follow a "crow-fly" route along supply lines. Many newly
constructed pipelines come very close to a "crow-fly" route,
especially in the sparcely populated western part of the United States.
Over short hauls, it may become economical to build new sections of
trackage to approach a direct route.
The 1968 rate of tie replacement was only 48 years and the rate of
rail replacement was 131 years [24a]. According to current estimates,
new rails can reasonably be expected to last an average of 60 years,
including subsequent reuse in secondary lines and tie replacement on an
average of every 35 years [24b]. Hence, it becomes apparent that at
this rate of tie and rail renewal, the railroads will be badly crippled
by the end of the 20th century. On March 30, 1971, George A. Smathers
of America's Sound Transportation Review Organization stated that $3.8
billion should go into an accelerated program of replacing rails and ties
19
This would correspond to a three- fold increase in rail replacement rates
for new rail and a 50 percent increase over recent replacement averages.
He stressed that another $6 billion (nearly double recent spending
levels) is needed for investment in improvements to freight yards,
communication networks, terminals, and other facilities [25].
Railroads must increase track maintenance expenditures or abandon some
of their secondary lines to retain the condition of their tracks. This
second alternative seems to be the one preferred by the railroads. How-
ever, it has met strong opposition from other special interest groups.
It is to the benefit of the coal interests to have most lines retained
and to have increased maintenance which, at this point, will probably
require government support. Thus far the maintenance to the roadbed
itself and the supporting ballast has not been considered; however,
with the exception of upper ballast , these wear out at a much slower
rate and are less of a factor. It will be demonstrated later that
upon construction of a new right-of-way,tie and rail costs are small
compared to other roadbed costs (including earth moving, etc.).
As reported in the 1971 Annual Report of Transportation Statistics
[22], Class I railroads spent $1.72 billion on maintenance of way and
associated structures while moving 750 billion net ton-miles of freight;
in other words, they spent 0.229tf/net ton-mile. In 1973, costs for
maintenance of way and structures rose to $2.04 billion; this was still
less than the $2.54 billion spent for maintenance of equipment and $5.90
billion spent for transportation costs in general. These three major
expenditures account for 91 percent of railroad expenses [26]. In
the case of unit coal trains with rates in the neighborhood of 0.5 to
0.9f/net ton-mile, it might seem that the 1971 figure of 0.229^/net ton
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mile for way and structure maintenance is out of proportion. Unit
train operations do not necessarily have the same percentage split
between the three previously mentioned major expenditures. Due to
the high mileages logged on coal cars and locomotives in coal unit
train service, the maintenance of equipment per ton-mile figure is
lower. Transportation costs per ton-mile, including labor and fuel,
are also much lower due to the inherent efficiency advantages of
unit trains. The higher carload sizes (many approaching 150 tons
gross) may lead to premature track wear unless these cars are made
with three (rather than the normal two) trucks or with the larger
wheel sizes now available. One might imagine that the maintenance
of way and structures figure per ton-mile might possibly ap-
proach either of the other two expenses under these special con-
ditions .
Rail capacity is a function of different factors depending on
whether it is a single track or a double track. Single track capacity
is largely a function of the number of sidings available enabling
trains approaching each other to pass without delay. On a double
track, track capacity is theoretically limited only by maximum train
braking distances and minimum spacing for signaling. Double track
railroads are typically broken into signal blocks. The presence of
a train in a block prevents other trains from entering the block;
one train mav activate signals regulating the speed of trains
two to four blocks in the rear [27].
At best, coefficient of friction values for steel wheel-on-steel
rail are in the range of 0.15 to 0.3 depending upon track conditions,
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etc., [28a]. A train traveling at 50 mph,with maximum available co-
efficient of friction of 0.1 and ideal braking, decelerating at a
uniform rate, would require 835 feet in which to stop. This allows
for no reaction time of the engineer or brake system and probably
does not provide an adequate safety margin to prevent lccking-
up of tne v -Is and hence damaging them by flatspotting. Also,
trains arc often operating with less than ideal brake systems; that
is, !i\! ? Diston travels may be at their greatest extent, the train
nay be loaded to capacity, the brake blocks may be worn, and the
maximum permitted number of brake cylinders may be cut out [28b]
.
federation rates must be blended slowly during the > .ict and finish
of braking to avoid jerking which can cause dislocation and damage to
freight. For practicality, braking distances of one mile probably
Provide a reasonable safety margin. In actuality, the signal spacing
t i V size is probably more limiting than actual braking per-
;
' * ' gnal block size at least as long as the longest orains
I I i E I II II lit llll ill 1 1 1 II II!
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5. ILLINOIS UNIT TRAIN MODEL
A model of Illinois unit train coal transportation is formulated
to evaluate the economics of a specialized railroad line supplying elec-
tric utilities or future gasification facilities in Chicago and vicinity
with Illinois coal (largely from southwestern Illinois). It is
also used to formulate and demonstrate a computer model of a general
unit train system. The consumption point is Joliet, Illinois, since
it lies at the head of several rail lines, is located on the Illinois
River (providing a water supply), and is near enough to Chicago to sup-
ply electrical needs. A supply map of producing coal areas from the
Keystone Coal Industry Manual is the basis for route selection and
length (Fig. 2) [29]. In order to serve the supply area, 600 miles
of double track is required, 350 miles of main line, and 250 miles of
branch line. A round trip distance of 500 miles is assumed. If
this figure is incorrect, a larger distance may be more appropriate
to account for the high percentage of coal from southern Illinois. A
double track is selected because it has a much higher track capacity
limit than a single track which must include multiple sidings for
flexibility. Also, a figure for projected building costs is available
for double track on a large scale.
The unit trains are assumed to be in continuous operation as are the
loading and unloading facilities. Train crews remain with the train
during loading and unloading as well as during maintenance operations.
In some operations the train is moved by car positioners for loading
or unloading; however, many operations still employ the locomotive
units themselves to position the cars and hence require a crew.
The Illinois model is described by data shown in Tables 1, 2, and 3
followed by pertinent assumptions, calculations, and further comments.
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Figure 2 Outline of Coal
Producing Districts
and Proposed 350-Mile
Main Line Rail Route
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Table 1 Illinois CoaJ Unit Train System Specifications
Car Capacity, net short or Eng lish Metric
metric tons
Average Round Trip Distance,
miles or kilometers 500
103.5 93.89
Train Capacity Q 100 Cars per
Train, net short or metric tons 1.035 x 104 9.389 x 10 3
Number of Unit Trains Active 15
Number of Cars Required (2) 1,650
805
Average Train Speed (Loaded)
,
mph or km/hr 50 80 .5
Average Train Speed (Hmpty)
,
mph or km/hr 60 96.6
Number of Trips/Train- Year (4) 510
Locomotive Power Required,
hp or kw (5) 5.54 x 10 5 4.13 x 10 5
Net Weight Originated/Day,
short or metric tons 0.217 x 10 6 0.197 x 10 6
Net Weight Originated/Year,
short or metric tons 79.2 x 10 6 71.8 x 106
Percent Illinois 1972 Produc-
tion to Power Plants (6) 152%
Average Gross Weight/Year (Pass-
ing Single Track), short or -
metric tons 3.08 x 10 2.79 x 10 7
Net Ton-Miles/Car- Year or
Metric Ton-km/Car-Year 1.20 x 10 7 1.75 x 10 7
Net Ton- Miles /Year or Metric
Ton- km/Year 1.98 x 10 10 2.89 x 10 10
Total Net Ton-Miles or Metric
Ton- km ? r,. , n n3-96 x 10 11 5.78 x 10 11
Operating Crew/Train (7) 4
Total Crew Man-Hours/Year (8) 5.78 x 10 S
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Table 2 Capital Cost of Transportation
Roadbed (9) $9.50 x 10 8
Coal Cars @ $17,000 each 2.81 x 10 7
Locomotives (10) 5.54 x 10 7
3. Depreciation @ 4%
of Capital Cost 38.0 x 106
Coal Cars
1. Rate Base 1 . 89 x 10
6
2. Federal Income Tax
@ 28% of Rate Base 0.53 x 10
3. Depreciation @ 4%
of Capital Cost 1.12 x 106
Locomotives
1. Rate Base 3.71 x 106
2. Federal Income Tax 1.04 x 10
3. Depreciation 2.22 x 10
Total $1.03 x 109
Table 3 Annual Costs
Fixed Charge on Debt (11)
A. Roadbed
1. Rate Base $63.6 x 10 6
2. Federal Income Tax @
28% of Rate Rase . 17.8 x 10
$119.4 x 10 6
3.5 x 10 6
7.0 x 10 6
2. Roadbed Maintenance (12) 5.4 x 10
6
3. Coal Car Maintenance (13) 3.0 x 10
4. Locomotive Maintenance (14) 6.4 x 10
5. Crew @ $10/hour 5.88 x 106
6. Administration @ 25% of
Crew Cost 1.5 x 10
7. Fuel for Locomotives (15) 10.0 x 10
6
8. Total $162.0 x 10 6
Cost U) per Ton-Mile: 0.818<f/Net Ton-Mile
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ASSUMPTIONS USED IN ECONOMIC ANALYSIS (Tables 1, 2, and 3)
1. Coal hopper cars of A242 steel are employed because of their
low maintenance and reasonable tare weight. The hopper cars
weight 28 tons empty and typically carry 103.5-ton loads.
Their cost was $15,000 in 1971, and are raised to
$17,000 to cover inflation, etc., [30].
2. The number of coal cars is based on 15 100-car trains with
a 10 percent reserve to cover breakdowns
.
3. The average loaded train speed is assumed to be 50 mph
,
and a suitable locomotive horsepower chosen. The 60-
mph average empty train speed is chosen as a reasonable upper
limit in spite of extra power available. If rolling stock
and track could stand higher speeds, the high speed power
available with typical empty train weights raises the
horsepower/weight figure by a factor of 3 to 4.
4. At speeds of 50 mph for a loaded train and 60 mph for an
empty train, the travel times is 5 and 4.17 hours,
respectively. Loading, unloading, and minor maintenance
consumes 8 hours, yielding a round trip time of 17.2
hours or 510 trips per year.
5. Locomotive horsepower is to be sufficient to negotiate rul-
ing grades of not more than 1 percent at speeds high enough
to allow a 50 mph average speed when loaded. Power at rail/
train weight versus speed curves arc provided by Del lacononica
A power-to-weight ratio of 1.3 kw/ton at the rail allows
up to 70 mph on a level road and
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between 20 and 30 mph op a one percent grade |15J. This should easily
provide for SO mph average speeds over an improved roadbed in Illinois
The following calculation converts (kw/ton in Fig. 1) to engine horse-
power per ton train weight:
1,3
kw (mi 1
)
ton (train)
1 hp (rail)
0.7457 kw (rail)
1 hp (engine )
0. 77 hp (rail) 2
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hP(engine )
ton (train)
Locomotive engine hp/ton locomotive weight is based on a figure
obtained by averaging the horsepower/weight values of the
following: (1) a 3,000 hp GE, (2) a 2,600 hp GE, (3) a. 4,000
hp MLW, and (4) a 2,400 hp MLW. The respective hp/locomotive
weight values for these locomotives were 19.73, 21.56, 20.10,
and 18.91 which averages to 20.08 engine hp/ton locomotive
weight [19]. If the weight of the loaded cars, the engine
hp/train weight ratio and the engine hp/locomotive weight
ratio are known, then locomotive engine hp and weight, as well
as total train weight, can be determined. Let II denote engine
hp per train and L denote locomotive weight (tons) per train,
then the following equations can be solved simultaneously.
2.26
II
20 =
13,150 + L
II
Solving yields
L = 1,679 tons, 11 = 55,570 hp, total train weight - 14,830 tons
Tf a 10 percent reserve of locomotives is assumed, then the total
horsepower required for 16.5 trains is 554,000.
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6. Illinois coal production in 1972 was OS. 5 x 10 tons from
59 mines in 22 counties. 79.9 percent of 52.2 x 10 tons
of this coal went to electric utility companies. For com-
parison purposes, this system would be capable of supplying
152 percent of the demand [31].
7. The train crew consists of an engineer, a conductor, and two
brakemen on each of the 15 active trains as well as the 10
percent reserve of 1 . 5 trains.
8. Because the trains operate continuously, the following is a
calculation of the man-hours consumed:
4 men
crew
16.5 crews
365 days
year
2 4 hours
day
5.78 x 10 5
man-hours
year
9. Construction costs of 600 miles of double track is based on an
estimate for a proposed North Carolina railroad [32]. Cost
per mile for roadbed only was $1,241 x 10 . Including the
cost of signaling, communications, terminals, and stations,
the cost rises to $1,584 x 10 per mile. This system was de-
signed to avoid any large elevation gradients; thus, it is
not radically different from Illinois terrain. Construction,
however, would be more difficult due to the terrain in North
Carolina. High land purchase costs and urban route restric-
tions in Illinois could offset this factor.
10. The cost of locomotives is assumed to be $100 per engine-hp.
This is based on a 1967 figure of $82.6/engine-hp [24c]. To
supply their Monroe power plant, Detroit Edison spent $96.7/
engine-hp for their 3,000 lip locomotives in 1970 [12].
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11. The amortization period is assumed to be 20 years. Total
capital is split into 55 percent debt and 45 percent equity.
Interest on the debt is 9 percent, and interest on the equity
is 15 percent [33]. The return on the rate base is as follows:
(0.55) (0.09) + (0.45)(0.15) = 0.117 or 11.7%
This is approximated at 12 percent which yields a series
present worth factor of 7.469. The average rate base is one-
o
half of capital investment (roadbed--$4. 75 x 10 ; cars--$1.41 x
7 7
10 ; and locomotives--$2. 77 x 10 ) . Federal income tax is
assumed to be 28 percent of the rate base and depreciation is
4 percent of total capital investment.
12. The cost to replace one mile of single track (including ties
and ballast) was estimated by Hay to be $125,000 [17]. For
a double track, a reasonable estimate would be $225,000. In
1965, Hay indicated that average service life of railroad
o
rails was 6.0 x 10 gross tons or roughly 25 years under average
conditions [34]. In this case, annual gross tons passing each
section of track is 3.08 x JO** gross tons which, employing the
above estimate, yields a rail
wearout time of 19.5 years. It is likely that rail wcarout
is close to a linear function of gross tonnage, once a fairly
large gross tonnage is reached. Ties and ballast typically
need replacing less frequently than rails on a high usage
line; thus, a wearout figure of 25 years (or 4.0 percent of
$225,000 or $9,000 per mile of double track is employed
as the annual track maintenance cost. This yields a cost per
gross ton-mile of $0.000146.
30
13. Clapp and Swan employed a maintenance cost of $1,000 per
car-year in their model of A242 steel cars mentioned earlier
[30]. This figure was based on an annual gross ton-mileage
of 7.975 x 10 while the cars of the Illinois model reach
an annual gross ton-mileage of 1.85 x 10 7 or 2.32 times as
much. An estimate of $2,000 per car-year is made. The
total cost of maintenance is based on 1,500 cars while
the spare 150 cars are assumed to require no maintenance.
14. Locomotive maintenance cost can be estimated roughly from
car maintenance cost. In 1972, Class I railroads spent
$517 million on freight diesel locomotive repairs (not in-
cluding yard locmotives) and $692 million on freight car
repairs (a ratio of 0.747 locomotive dollars per freight
car dollar). There were 52.5 freight cars per diesel lo-
comotive; the freight cars averaged about 67.6 tons capacity
each and the locomotives averaged about 2,000 horsepower
each [35]. This equates to 0.563 locomotive horsepower per
net ton-car capacity. Unfortunately, this is not the ratio
for actual trains because the percentage of freight cars
likely to be standing idle is much higher than the percentage
of freight locomotives likely to be standing idle. It is
probable that locomotive horsepower/net ton car capacity
for actual trains will be more than double this figure or
about 1.13 horsepower/net ton. This ratio is much higher
for the Illinois model (3.24 horsepower/net ton) due to
the higher speeds assumed. Taking into consideration the
extra horsepower utilized on the Illinois model, it is
15.
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possible to arrive at a rough figure for locomotive mainten-
ance dollar per car maintenance dollar of 2.14.
Annual locomotive fuel costs are calculated by two methods.
The first evaluation is taken from 1971 Transportation
Statistics data [22] which yield $0.0004846/net ton-mile
freight fuel expenditures. Using the fuel price indices from
the 1974 Edition of Railroad Facts, the rise in fuel costs from
1971 to 1973 can be estimated. The 1971 index was 114.6 and th
1973 index was 156.5, yielding an increase of 19.1 percent [22]
Hence, the fuel cost (1973 index) is as follows:
1.191
$0.0004846
net ton-mile 1.98 x 10 net ton-miles
= $1.14 x 10 /year
The second evaluation is based on the brake specific fuel
consumption of a 0.42-lbm/bhp-hr for a locomotive diesel [16]. As-
sume that the density of diesel fuel is 6.52 lbm/ gallon and
that on the average, one-half of the locomotive's horsepower
is being used. Assuming negligible fuel consumption at load-
ing and unloading sites, annual fuel consumption is as follows:
0.42 lbm
bhp-hr 6.52 lbm/gal
33,570 bhp
3 train
15 trains 9.2 hrs
trip
510
trips
year
7
= 5.07 x 10 gallons/year
In 1971, diesel fuel cost 10. 88<j7gallon [23]. The 1974 price
index*was not available; however, Hay estimated a price increase
of from 5 to 6 cents per gallon [17]. This increase would bring
the price to at least 18 cents per gallon or an annual fuel
cost of $9.13 x 10 . If the first cost figure were adjusted to
1974 by this method, the cost would be $1.58 x 10 7 . For the
27 cents per gallon, December 1, 1974
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7
purposes of this scenario, a figure of $1.00 x 10 will be
utilized.
Utilizing the assumed speeds of 50 mph (loaded) and 60 mph
(empty), one finds eight of the 15 trains occupying the 600 miles of
double track at any given time. The 100 coal car unit trains
have over 30,000 horsepower or roughly 10 locomotives at 3,000 horse-
power each. Assuming that a coal car or locomotive is roughly 60
feet in length, a 100-car train yields a train length of 6,600 feet
or 1.25 miles. Hence, only 10 miles of the 1,200 miles of single
track are actually occupied by unit coal trains. Obviously, the
track is very underused and could easily support a large increase in
capacity.
Assuming a signal block length of 1.5 miles and one train for
every two blocks (one train every three miles) yields a maximum density
of 400 trains covering the 600 miles of double track. Unfortunately,
this capacity could not possibly be sustained by the branch lines
off the main line or the main line would become overloaded as it neared
the consumption point. Depending on the location and the number of
branch lines feeding into the main line, there would have to be a
traffic reduction in the southern portion of the main line too. If the
main line is 350 miles long and the 250 miles of branch lines are com-
posed of ten evenly spaced branches which carry equal traffic, the
following conclusions can be drawn: (1) Each branch line carries one-
tenth the maximum track capacity. (2) Train density on the main line
increases linearly from zero to maximum track capacity at the consumption
point. (3) Train density is the same on the return route as the supply
route. Hence, there is a branch line density of one train every 30 miles
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and an average main line density of one train every six miles. The
entire 600 miles of double track could then support 133.3 trains (or
one train) every nine miles, i.e., 16.7 times the capacity originally
provided by coal trains.
In order to lower the ton-mile costs of coal, it would be neces-
sary to allow other freight (e.g., grain which could also move from
central collection points via unit trains') to utilize the 1,200 miles
of track. High usage such as this could easily reduce the
<f /ton-mile
figure to below 0. 5^/ton-mile. With increased utilization of the
track, the cost of new roadbed construction woulxl eventually become
less of a cost factor. In the present model with 15 trains, the new
roadbed (accounting for almost 75 percent of the annual cost of
operation) is definitely the largest expenditure. For example, assume
that track utilization was increased ten times, all expenses except
new roadbed costs would be ten times their original value and the total
yearly ton-mi] es would be ten times greater. The new roadbed cost would
now consume only slightly over 20 percent of the annual expenditures.
The ton-mile cost would fall from 0.818£ per ton-mile to 0.28<f per ton-
mile.
Assume that an operation is supplied by 32 mines of 2.5 million
tons yearly average capacity and that coal is delivered to eight large
electric utility plants, each capable of burning 10 million tons per
year average. Coal gasification facilities could later be substituted
for electric utility plants in the supply model. Gasification plants
probably have a greater average coal usage than most power plants
and hence are better suited to this concentrated delivery. Coal unloading
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facilities, if properly synchronized, could unload one unit train at
a time; hence, unloading rates in the range presently utilized would
be satisfactory (5,000 to 6,000 tph) . On the average, there arc
eight trains in route at all times; the other seven trains are
loading, unloading, or in servicing sites. Allotting four hours for
loading, three hours for unloading, and one hour for service time,
there are approximately 3.5 trains loading, 2.5 trains unloading,
and one train in servicing. With eight plants available and only 2.5
trains being unloaded at any one time, the unloading capacity is far
from the practical limit. With 52 mines and 5.5 trains loading at a
time, the loading facilities are even further from the practical limit
than the unloading facilities. The number of trains at loading sites
could be increased by a factor of 9, and the number of trains at un-
loading sites could be increased by a factor of about 5 (assuming
proper synchronization).
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6. COMPUTER MODEL FOR PRICING
The computer unit train model was formulated using the Illinois
model as a framework. An attempt was made to quantify all cost parame-
ters including loading and unloading costs. The values in some cases
are only rough estimates and may not reflect actual cost data. The costs
as well as other parameters arc input od with the use of NAMELIST. The
reader may wish to substitute his own values. This can be accomp-
lished by merely changing the NAMELIST values on the data cards. Data
employed in each analysis is printed out before the cost chart. The
17 yearly cost items, the total yearly cost, and the dollar cost per
ton-mile (including loading and unloading costs) comprise the cost
chart. Three different degrees of rail renewal are encompassed in each
chart:
1. Totally new roadbed,
2. New rail and ties, and
3. Minor track upgrade involving only replacement of damaged
ties or rails.
Two different loaded train speeds are also employed, 30 mph and 50 mph.
In both cases, the average empty train speed remains 60 mph although
the locomotives may be capable of higher speeds. Extrapolating from
Fig. 1, the horsepower at the rail per gross ton weight was approxi-
mated for both cases. A 50-mph loaded train requires 1.743 horsepower
per ton gross weight while a 50-mph loaded train requires only 0.805
horsepower per ton gross weight. All variables utilized in the pro-
gram are defined with comment statements at the beginning (input values)
and throughout the program body as they occur.
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7. UNIT TRAIN COORDINATION WITH OTHER TRANSPORTATION SYSTEMS
In many cases it is either mandatory from a practical standpoint
or just economical to combine unit trains with other modes of coal
transportation to achieve a satisfactory mine-to-consumer route.
Probably the most common combination at present is barge with rail.
Generally, barge traffic is cheaper because ships do not pay for re-
pair of waterway locks, etc., and, where lengthy water routes exist,
can be linked with the railroad to provide a relatively inexpensive
yet complete supply line. This type of system is most applicable
on the Mississippi and Ohio Rivers where barges carry millions of
tons of coal annually. Generally, the arrangement is rail-to-barge
rather than the reverse since few mines are located on water routes.
Power plants, on the other hamd, are commonly situated on navigable
waters. In 1969 about 63.4 million tons of coal (18.5 percent of the
railborne total destined for domestic consumption) was joint rail and
barge movement [35]. The joint rail and river barge movement, amounted
to about 34 million tons out of a total of 103 million tons carried
by barge [36]
.
Before a decision can be made concerning whether to combine a par-
ticular rail route with water borne means, the cost saving per ton-mile
of water transport over rail and the additional expense of transferring the coal
must be evaluated. The typical high volume long distance unit trains
have transport costs of approximately
. 6^7 ton-mile. Large volume
,
steady coal movements on inland rivers typically cost only 0.25{/ton-
mile; the average is probably about . 3<f/ton-mi le. However, barge
rates for certain tributary rivers, where congestion in obsolete
navigation facilities is serious, are reported to be as high as
0. 7i/ ton-mile [le]. Also, many water routes tend to be less direct than
rail or pipeline routes. The total point-to-point transportation cost
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must be evaluated in these cases rather than the ton-mile costs. The
facility to transfer coal from rail to barge is probably at least as
complex as a typical rail loading facility, with possibly less storage
capacity if train and barge schedules are synchronized. Generally,
only one transfer is made as the cost of two transfers increases the
transportation cost per ton too much when combined with the already
lengthy route necessary for a combined mode system. Possible excep-
tions to this rule might be supply routes involving low sulfur coal
from remote areas where the disadvantages of high transportation costs
can be compensated for by the ability to meet sulfur emission standards.
Some electric utilities are faced with the decision of whether to con-
vert to more expensive, and now scarce, petroleum based fuels to meet
air pollution standards or to go great distances for low sulfur coal to
combine with their regional high sulfur coal supply.
Coal slurry pipeline is another possible mode of transport-
ation that could be combined with unit trains. Unfortunately, the
very nature of a coal slurry mixture makes it practically impos-
sible to economically transfer it to unit trains. On the other hand,
there does not seem to be any reason why unit trains could not feed
into a coal slurry preparation plant. In most cases slurry trans-
portation is economical only for very long distances because of
the extremely high preparation and separation costs ($10 8 investment in
facility for a 12,000 ton/day system) [37]. If a significantly long portion
of slurry pipeline is already in position and an extension of the
route is required, it is usually less costly to construct more
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pipeline rather than try to reJy on another mode of transportation to
complete the route and hence sustain extra transfer charges. Because
of this factor alone, slurry in combination with other systems is very
rare if existent .
The newest and most versatile addition to coal supply systems is
a pneumatic pipeline. Using an air suspension of coal particles
usually less than 0.25 inch in diameter, a pneumatic pipeline can
achieve significantly lower ton-mile costs than the slurry pipelines
by avoiding the expensive preparation and separation costs. Whether
it can provide costs under those of unit trains remains to be
determined; however, its greatest advantage lies in its versatility.
If a small capacity supply line is needed to complete an existing rail
network, then a small inexpensive pipeline could be constructed
rather than building a rail branch line which would not be sufficiently
utilized to justify construction costs. Many times the only other al-
ternatives are the use of conveyors or truck hauling (both of
which suffer from extremely high ton-mile costs). Trucks are grossly
inefficient in their fuel usage, while construction costs for conveyors
can run as high as equivalent rail construction costs. For example, the
Illinois Power Vermillion Power Station is supplied with coal from Zeigler
Coal Company's Murdock Mine, 48 miles away. Coal is transported by
20- ton trucks at the rate of $1.83/ton or 3. 81<J-/ton-mile (many times
the rail rate) [58]. For a 3.5 mile, 18,0^0 tons per day coal supply
line, S. L. Soo has projected costs of 1.1 4<f per ton-mile for a pneu-
matic lane and 3.83? per ton-mile for a conveyor belt [39]. A large
diameter pneumatic pipeline can also achieve the large capacity
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of a railroad where a link in the main supply line is required.
A pneumatic pipeline could he fed by a unit train without dif-
ficulty. If a pneumatic pipeline were feeding a unit train, some
type of car covering might be necessary to avoid loss of coal fines
(present to a lesser extent in large lump coal normally hauled on
unit trains). A pneumatic pipeline-unit train combination
could lower coal storage requirements at the interface facility
compared to other combinations because of the pneumatic pipeline's
continuous and rapid feed. Pneumatic lines could gather coal from
small suppliers to feed large rail loading facilities or distribute
coal at an unloading facility to smaller users. Another future ap-
plication lies in feeding large coal gasification facilities from
several unit trains. Typically, coal gasification operations will
require much more coal than present single unloading operations can
supply.
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8. DISCUSSION
Although possibly adequate for today's coal supply system, the
coal unit train system will have to improve significantly to meet
tomorrow's overwhelming demand for coal as an alternative to oil for
energy. Unit trains will probably remain the primary mover of coal,
especially over high volume supply lines. Mixing rail shipments with
barge or pneumatic pipeline can sometimes provide lower transport
costs. A pneumatic pipeline would be particularly useful to move
coal over short or low volume routes. It could be used either as a
gathering line to supply a unit train or to distribute rail shipments.
In order to be economical in the future energy market, coal must
be capable of moving swiftly and in large volumes. The largest im-
pediment to this is the present condition of rail lines. In order to
support higher rail speeds and loads, most tracks must receive more
than token maintenance. A few feet of track, a handful of ties, and
several tons of ballast will not be sufficient to upgrade a mile of
track. Dollar expenditures for upgrading of at the very least six figures
will be necessary on many lines to allow speeds of over 50 mph and
net loads over 100 tons per car with conventional running gear. Capi-
tal expenditures in this range probably cannot be generated by rail-
roads themselves and outside assistance will be a necessity. In areas
where long steep grades or sharp curves are present, new earthwork, as
well as new track, will be required, pushiig the cost to almost that
of building an all new railroad.
The computer program in Chapter 6 is sufficient to point out
most of the cost factors involved and where optimization efforts might
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be directed. Further efforts in this area should include a closer
identification of the variables that affect each cost item and their
functional relationships. It remains to be seen what speeds and ca-
pacities should be employed.
If very high volumes of coal are moved, for example, coal to
gasification facilities, it might even be economical to build all new
railroads over some routes. This is indicated by the relatively low
ton-mile cost of 0.59<f for an Illinois model moving 158 million tons
per year (only three times the 1972 Illinois coal production sold to
electric utilities). This figure is based on a new road construction
cost of $1.58 million per mile and speeds of 50 mph loaded and 60 mph
empty. On the other hand, with a lower capacity of 79 million tons per
year and double the road cost ($3.16 million per mile), the cost soars
to 1.5<f per ton-mile. These two costs per ton-mile estimates can be
compared with an actual case. Averaging the ton-mile costs and the
mileage for 13 western coal unit trains operated by the Burlington
Northern Railroad in 1974 yields a cost of 0.673<j- per ton-mile over a
distance of 913 miles [41]. Unit coal trains operating over shorter
distances generally have much higher ton-mile costs as exemplified
by the Missouri Pacific Railroad. For ten trains, the average cost
was 1.31(f per ton-mile over a distance of 89.3 miles [42]. Unit coal
train rates are obviously inversely proportional to annual capacity
and trip mileage. Their combined effect on ton-mileage could be
plotted versus train rates as in the graph by Nathan Associates (see
Fig. 3).
All the computer cost charts show that the 30-60 mph models
800
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are less expensive than the 50-60 mph models. This may or may not
be relevent to the question of optimum train speed. Part, of the
reason for this is that the extra power available (especial ly i n the
50 and 60 mph case) is not able to be utilized on the empty trains.
Allowing much higher speeds on new roads might be more realistic and
could alter this comparison significantly. If higher speeds and
longer trains continue to be employed, higher horsepower locomotive
units will probably be advantageous.
With the onset of the gasification of high sulfur coals (e.g.,
the majority of Illinois coal), long distance unit trains which were
formerly necessary for supplying low sulfur coals from the west will
be largely discontinued. Other national supply lines over 700 miles,
once conceivable, may also fold. rlTie flow of coal may re-
vert to a regional level with the only interregional flow going to
particular areas where coal is scarce. The possibilities are:
1. Illinois or Appalachian coal to the deep South and
2. Wyoming-Montana coal to the West coast.
However, these too may be uneconomical if the same energy can be
transported in gaseous form by conventional pipeline.
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9. SUMMARY
1. In Illinois, where a large expansion in coal production can
be expected, a two-fold increase in south-north unit train shipments
over 250 miles at 50 mph still yields a train density well within
safe limits.
2. To obtain train speeds of 50 mph, significant upgrading of
the current railroad system is needed. Current expenditures for
maintenance do not insure a reliable and economical system.
3. In order to support large increases in the amount of coal
shipped, locomotives of 10,000 horsepower unit capacity arc advantageous
for the most economical operation.
4. Rail shipments, mixed with barge, pneumatic pipeline, or both, can
improve the economy of unit train operation especially in light of
recent proposed rail abandonments . A pneumatic pipeline can be used
either as a gathering line to supply a railroad unit train or to dis-
tribute rail shipments.
5. Increased reliance on coal gasification will radically alter
the structure of interregional coal unit shipments. Most of these
long distance shipments (over 700 miles) will cease to exist (e.g.,
low sulfur western coal to the Midwest).
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